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MICROPHONE FOR A HEARING AH) OR LISTENING DEVICE 
WITH IMPROVED DAMPENING OF PEAK FREQUENCY RESPONSE 

FIELD OF THE INVENTION 

The present invention relates generally to electroacoustic transducers, and in 
particular, to a microphone or listening device having a dampened peak frequency 
response. 

BACKGROUND OF THE INVENTION 

Miniature microphones, such as those used in hearing aids, convert acoustical 
sound waves into an audio signal which is processed (e.g., amplified) and sent to a 
receiver of the hearing aid. The receiver then converts the processed signal to 
acoustical sound waves that is broadcast towards the eardrum. A microphone 
generally a moveable diaphragm and a charged backplate for converting the sound 
waves into an audio signal. The diaphragm divides the inner volume of the 
microphone into a front volume and a rear volume. Sound waves enter the front 
volume of the microphone via a sound inlet. 

For certain applications, it is desirable to dampen the peak frequency response 
of the microphone by increasing the inertance presented to the sound entering the 
microphone. Inertance may be increased by placing an obstruction near the sound inlet 
in the front volume of the microphone. The obstruction may be a damping screen 
made of a grid-like mesh material placed over the sound inlet or a shaped embossment 
or structure formed or placed inside the housing of the microphone near the sound 
inlet. However, the damping screen can become clogged as debris and foreign material 
accumulate on its surface. As the damping screen becomes increasingly clogged, the 
microphone's frequency response is altered from the desired specification. Similarly, 
the shaped structure depends on its shape to create the desired damping effect, so as 
debris accumulates around the shaped structure, thereby altering its shape, the 
microphone's frequency response is altered from specifications. In both cases, the 
accumulation of debris, such as dust, hairspray, pollen, and other particles adversely 
affects the peak frequency response of the microphone, and in some cases, causes 
microphone malfunction. 
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Unlike the front volume, the rear volume is typically sealed off from the front 
volume, creating an area within the microphone that is largely impervious to debris. If 
the damping mechanism were incorporated into the rear volume, the adverse effects of 
debris and other foreign matter could be significantly reduced. Therefore, what is 
needed is a microphone that achieves dampening of the peak frequency response by 
disposing a damping mechanism in the rear volume of the microphone instead of in the 
front volume. 



The present invention is a microphone having a housing, a diaphragm, a 
damping frame, and a backplate. The diaphragm is disposed in the housing and divides 
the inner cavity of the housing into a front volume and a rear volume. A damping 
frame is positioned against the diaphragm and includes a damping slit which is formed 
along at least one inner edge of the damping frame. In one embodiment, the backplate 
is positioned within the damping frame and includes standoffs to position the backplate 
at a known distance from the diaphragm. The damping slit of the damping frame 
defines an aperture through which air may escape from the area between the 
diaphragm and the backplate to the rear volume of the microphone, thus dampening 
the peak frequency response. 

In another embodiment, the backplate is positioned against the damping frame 
such that its thickness defines the distance between the backplate and the diaphragm. 
The damping frame includes at least one damping slit formed along at least one inner 
edge of the damping frame. The positioning of the backplate against the damping 
frame defines an aperture through which air may escape from the area between the 
diaphragm and the backplate to the rear volume of the microphone. 

The backplate is electrically coupled to an electronic circuit, which processes 
the electrical signal transduced by the microphone. The aperture defined by the 
damping frame and the backplate causes the peak frequency response of the 
microphone to be dampened. 

The present invention also contemplates a method of producing a cartridge for 
use in a microphone. A first production sheet containing a plurality of damping frames 
includes a plurality of registration holes. A second production sheet containing a 
plurality of diaphragms also includes a plurality of registration holes. A layer of 
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adhesive is disposed on the surface of the first production sheet, and the first 
production sheet is urged toward the second production sheet to form a carrier sheet. 
The first and second production sheets are aligned via their respective registration 
holes. The carrier sheet is heated until cured, and a plurality of subassemblies are 
singulated from the carrier sheet to form individual subassemblies, each subassembly 
including a diaphragm secured to a damping frame. A backplate is installed onto each 
subassembly to form a cartridge. The placement of the backplate onto the subassembly 
forms an aperture between the backplate and damping frame of the subassembly. The 
assembled cartridge is placed into a housing, and the remaining microphone 
components are assembled. 

The above summary of the present invention is not intended to represent each 
embodiment, or every aspect, of the present invention. This is the purpose of the 
figures and the detailed description which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention will become apparent 
upon reading the following detailed description and upon reference to the drawings. 

FIG. 1 is an exploded isometric view of a microphone according to one 
embodiment of the present invention. 

FIG. 2 is a cross-sectional isometric view of the microphone illustrated in FIG. 

1. 

FIG. 3 is a top view that illustrates the inter-relationship of the cartridge of the 
microphone illustrated in FIG. 1 . 

FIG. 4 is an exploded isometric view of a microphone according to one 
embodiment of the present invention. 

FIG. 5 is a cross-sectional isometric view of the microphone illustrated in FIG. 

4. 

FIG. 6 is a top view that illustrates the inter-relationship of the cartridge of the 
microphone illustrated in FIG. 4. 

FIG. 7 is a chart illustrating a frequency response curve of a microphone that 
includes a damping mechanism according to the present invention and a frequency 
response curve of a microphone that lacks a damping mechanism. 



CHICAGO 173822vl 47161-00026USPT 



FIG. 8 is a functional circuit diagram of an electrical representation of an 
acoustical network according to a microphone having a damping mechanism in the 
front volume of the microphone. 

FIG. 9 is a functional circuit diagram of an electrical representation of an 
acoustical network according to a microphone of the present invention having a 
damping mechanism in the rear volume of the microphone. 

FIG. 10 illustrates a portion of a production sheet including a plurality of 
damping frames such as the damping frame illustrated in FIG. 4. 

FIG. 1 1 illustrates a portion of another production sheet including a plurality of 
damping frames such as the damping frame illustrated in FIG. 1 . 

FIG. 12 illustrates a portion of a production sheet including a plurality of 
diaphragms. 

FIG. 13 illustrates an intermediate production step of assembling a carrier sheet 
that includes a production sheet containing diaphragms and a production sheet 
containing damping frames. 

FIG. 14 is a flowchart of the steps to produce a cartridge for use in a 
microphone according to one aspect of the present invention. 

While the invention is susceptible to various modifications and alternative 
forms, specific embodiments have been shown by way of example in the drawings and 
will be described in detail herein. It should be understood, however, that the invention 
is not intended to be limited to the particular forms disclosed. Rather, the invention is 
to cover all modifications, equivalents, and alternatives falling within the spirit and 
scope of the invention as defined by the appended claims. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

FIGS. 1, 2, and 3 illustrate several views of a microphone 2 that generally 
includes a housing 4, a diaphragm 6, a damping frame 8, and a backplate 10. The 
housing 4 includes a sound inlet 12 and a set of internal embossments 14. The sound 
inlet 12 receives acoustical sound waves via a sound inlet tube 16. The microphone 2 
includes three embossments 14, but in alternate embodiments, fewer or more 
embossments 14 may be employed. The embossment 14 is formed by inwardly 
deforming a portion of a floor 18 of the housing 4. In another embodiment, the 
embossment 14 is not formed from the floor 18 of the housing 4, but is rather a 
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separate support member that is secured to the floor 18 of the housing 4. The housing 
4 may be made of metal, such as steel or aluminum, or metallized non-conductive 
materials, such as metal particle-coated plastics. 

The diaphragm 6 includes a frame 20 having a shaped opening 22 and a 
membrane 23 disposed across the upper surface of the frame 20. The frame 20 of the 
diaphragm 6 is disposed on the embossments 14 and creates a front volume between 
the lower surface of the diaphragm 6 and the floor 18 of the housing 4 and a rear 
volume defined above the upper surface of the diaphragm 6. The frame 20 of the 
diaphragm 6 is made of metal, such as a zinc/copper alloy, and the membrane 23 is 
made of mylar evaporated with gold. In alternate embodiments, the membrane 23 may 
be made of another semi-flexible material evaporated with any suitable electrically 
conducting material. The membrane 23 may also include a tiny pressure vent to 
equalize static pressures in the front and rear volumes. 

Although the diaphragm 6 is shown positioned against the embossments 14 of 
the housing 4, in an alternate embodiment, the housing 4 does not include the 
embossments 14 and the lower surface of the diaphragm 6 includes standoffs (not 
shown). In another embodiment, the housing 4 does not include the embossments 14, 
and the diaphragm rests on the floor 18 of the microphone 2 with the membrane 23 a 
short distance above the floor 18. 

The shaped opening 22 of the diaphragm 6 is shown in FIG. 1 as having a 
generally circular shape. In alternate embodiments, the shaped opening 22 may have a 
generally square or polygonal shape or any other geometric shape. 

As can be seen from FIG. 1, the front volume of the housing 4 lacks an 
additional damping mechanism for increasing the inertance of the sound presented to 
the microphone 2. Acoustical sound waves pass through the sound inlet tube 16 and 
enter into the sound inlet 12 (which creates some increased inertance) of the housing 4 
and engage the membrane of the diaphragm 6 without encountering such a damping 
mechanism. In an alternate embodiment, the microphone 2 includes a damping 
mechanism in the front volume, such as a mesh, and a damping mechanism in the rear 
volume, such as the damping frame 8, the damping function of which is described 
below. 

The damping frame 8 is positioned against the diaphragm 6, and is secured to 
the frame 20 of the diaphragm 6 by adhesive or other bonding techniques, such as 
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those described below with respect to FIGS. 10-14. The damping frame 8 includes a 
plurality of registration clamping members 24 formed along the outer periphery of the 
damping frame 8. The registration clamping members 24 of the damping frame 8 
engage the inner walls of the housing 4 when the damping frame 8 is disposed inside 
the housing 4. In FIG. 1, two registration clamping members 24 are shown on each 
side of the damping frame 8, but in alternate embodiments, fewer or more registration 
clamping members 24 may be formed along the periphery of the damping frame 8. The 
registration clamping members 24 permit self-centering of the damping frame 8 into 
the housing 4 and allow the damping frame 8 to be "clamped" in place or securely 
seated inside the housing 4. The damping frame 8 does not need to include the 
registration clamping members 24 to achieve the enhanced results of the present 
invention, but the registration clamping members 24 are preferred. 

A grounding slit 26 is also formed along one edge of the outer periphery of the 
damping frame 8. The grounding slit 26 permits the conducting layer of the membrane 
of the diaphragm 6 to be electrically connected to the inner surface of the housing 4. 
The electrical connection may be a wire, solder, conductive adhesive, or other suitable 
connection means. 

The damping frame 8 also includes a damping slit 32 formed along an inner 
edge of the damping frame 8. FIG. 1 shows one damping slit 32, however, in alternate 
embodiments, more than one damping slit 32 may be formed along the inner edges of 
the damping frame 8 if less damping is required. In one embodiment, for example, one 
damping slit 32 is formed along each inner edge of the damping frame 8 for a total of 
four damping slits. The dimensions (length, width, height) of the damping slit 32 
depend on the how much damping of the peak frequency response curve is desired. In 
FIG. 1, the damping slit 32 has a width of about 0.5 mm and a depth of about 0.08 
mm. The damping frame 8 has a length and width of about 3 .22 mm and a thickness of 
about 0.125 mm. These dimensions are exemplary only, and are not intended to 
represent the only dimensions contemplated by the present invention. The damping 
frame 8 may be made of various plastics, such as Teflon, Kapton, and other polyimide 
materials. 

The damping frame 8 shown in FIG. 1 includes backplate clamping members 34 
which permit the backplate 1 0 to be snapped or clamped into place when the backplate 
10 is positioned within the damping frame 8. The backplate clamping members 34 are 
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preferably stiffened (for example, made slightly thicker than the thickness of the 
damping frame 8) to securely hold the backplate 10 within the damping frame 8. In 
alternate embodiments, in lieu of or in addition to the backplate clamping members 34, 
adhesive may be used to secure the backplate 10 within the damping frame 8. 
5 Still referring to FIG. 1, the backplate 10 is positioned to oppose the 

diaphragm 6 within the damping frame 8. The backplate 10 includes standoffs (not 
shown) on the bottom surface of the backplate 10 to elevate the backplate 10 a 
distance above the membrane of the diaphragm 6 so as to permit the membrane of the 
diaphragm 6 to move freely. The dimensions of the backplate 10 are substantially the 

10 same as the inner dimensions of the damping frame 8. In a specific embodiment, the 
backplate 10 a length and width of about 2.44 mm and has a generally square shape. 

When the backplate 10 is positioned within the damping frame 8, a damping 
aperture 36 is formed (shown in FIG. 3). The edges of the damping aperture 36 are 
defined by the damping frame 8 and the backplate 10. The damping aperture 36 has 

15 substantially the same dimensions as the damping slit 32. The damping aperture 36 
permits a small amount of air to "escape" from the area between the membrane 23 of 
the diaphragm 6 and the backplate 10 into the volume of the housing 4 behind the 
backplate 10. In this respect, the damping aperture 36 increases the inertance of the 
acoustical sound waves engaging the diaphragm 6, thereby dampening the peak 

20 frequency response of the microphone 2. As explained previously, additional damping 
apertures may be formed between the damping frame 8 and backplate 10 to achieve a 
frequency response curve according to the demands of a particular application. 

The backplate 10 shown in FIG. 1 also includes a production hole 38, which is 
formed to facilitate handling of the backplate 1 0 during assembly. When the backplate 

25 10 is positioned in place, the production hole 38 may be plugged with a UV-cured 
adhesive 44, such as shown in FIG. 2, or other sealant. The backplate 10 includes a 
non-conductive layer which is made of Kapton, a charged layer which is made of 
Teflon, and a conductive layer made of Gold. Other suitable materials may be 
employed instead of Kapton, Teflon, or Gold. In an alternate embodiment, the 

30 membrane 23 of the diaphragm 6 is charged, and the backplate includes a metallized 
layer facing the charged membrane 23 of the diaphragm 6. 

The wire 28 connects the conductive layer of the backplate 10 to the circuit 
board 30. In alternate embodiments, the wire 28 may be a conductive adhesive tape, 
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conductive adhesive, a piece of metal, and the like. The diaphragm 6 and backplate 10 
form a plate capacitor whose capacitance changes as the membrane of the diaphragm 6 
undulates in response to changes in air pressure caused by acoustical sound waves 
entering the sound inlet tube 16. These changes in capacitance are detected by the 
circuit board 30 and are converted to an electrical signal. This electrical signal may be 
further processed by the circuit board 30. The processing may include any 
combination of amplification, filtering, shaping, and digitizing, for example. The 
circuit board 30 may include an integrated AID converter to provide a digital signal 
output. The circuit board 30 may include a digital signal processor (DSP) for 
processing the electrical signal in the wire 28. The circuit board 30 may comprise a 
monolithic IC, one or more ICs disposed on a substrate or PCB, and/or it may be of a 
flip-chip design configuration. The pattern shown on the circuit board 30 in FIG. 1 is 
for illustrative purposes only. The overall output of the microphone 2 is an audio 
signal corresponding to the acoustical signal received by the sound inlet tube 16. 

The microphone 2 shown in FIG. 1 also includes a mounting plate 40 which is 
dimensioned to fit over the exposed edges of the walls of the housing 4. The circuit 
board 30 is positioned against the mounting plate 40, and may be secured to the 
mounting plate 40 by adhesive, solder, or other suitable attachment means. A cover 42 
is placed over the circuit board 30 and against the mounting plate 40. In an alternate 
embodiment, the microphone 2 lacks the mounting plate 40, the cover 42 includes a 
boss (not shown) around the inner periphery of the cover 42, and the circuit board 30 
is positioned against the boss. The mounting plate 40 shown in FIG. 1 may serve as a 
ground plane for the circuit board 30, and may be made of the same material as the 
housing 4. It may also provide EMI shielding from the electromagnetic fields 
generated by the backplate 10 and diaphragm 6. 

A cutaway view of an assembled microphone is shown in FIG. 2. In FIG. 2, 
the backplate 10 can be seen positioned a distance above the diaphragm 6 within the 
damping frame 8. The damping aperture 36 creates an air pathway between the 
diaphragm 6 and the rear volume of the housing 4. The production hole 38 in the 
backplate 10 is plugged with a drop of adhesive 44, such as UV-cured adhesive. 
Additional adhesive drops 46, 48 secure the backplate 10 within the damping frame 8. 
The backplate 10, of course, may lack a production hole 38, thereby requiring no drop 
of adhesive 44. 
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In an alternate embodiment, the backplate 10 is not secured within the damping 
frame 8 with adhesive drops 46, 48. In this alternate embodiment, the clamping 
members 34 securely hold the backplate 10 in position without the further need of 
adhesive. In yet another embodiment, the production hole 38 may only be partially 
plugged or not plugged at all, leaving a small damping aperture in the middle of the 
backplate 10. This small damping aperture may, together with the damping aperture 
36, further operate to dampen the peak frequency response of the microphone 2. 

In another embodiment, the damping aperture 36 may be defined solely by the 
damping frame 8. In this embodiment, the damping frame 8 may include a channel that 
starts from an inner edge of the damping frame 8 facing the membrane 23 and ends on 
an upper surface of the damping frame 8. Thus, air travels from the surface of the 
membrane 23 through the channel and into the area behind the backplate 10. 

FIG. 3 shows a top view from the rear volume of the microphone 2 looking 
down on the backplate 10. The cover 42, the circuit board 30, and the mounting plate 
40 are not shown in FIG. 3. The damping aperture 36 is defined by an edge portion of 
the backplate 10 and an edge portion of the damping frame 8. As previously 
explained, more than one damping aperture 36 may be formed along the other edges of 
the backplate 10 and the damping frame 8, or the damping aperture 36 may be defined 
by the backplate 10 only. For example, the production hole 38 may be left open or 
partially plugged to reveal a damping aperture defined solely by the backplate 10. In 
yet another embodiment, the backplate 10 includes one or more damping slits formed 
along one of the edges of the backplate 10 to define a damping aperture. The 
registration clamping members 24 hold the damping frame 8 in tension against the 
inner walls of the housing 4. 

FIG. 4 illustrates an exploded isometric view of a microphone 3 including a 
damping frame 50 which is different from the damping frame 8 shown in FIG. 1. The 
damping frame 50 shown in FIG. 4 includes two damping slits 52 formed along the 
inner edges of the damping frame 50, and a grounding slit 54. In a specific aspect of 
the present invention, the damping slits 52 have length and width dimensions of about 
0.5 mm. The damping frame 50 has length and width dimensions of about 3.22 mm 
and a thickness of about 50 microns. In general, the damping frame 50 is dimensioned 
to fit within the housing 4. In alternate embodiments, the damping frame 50 may 
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include fewer or more damping slits and the damping slits 52 may have different 
dimensions depending upon the particular design requirements of an application. 

FIG. 5 illustrates the backplate 10 positioned against the damping frame 50, 
wherein the damping frame 50 maintains the backplate 10 a predetermined distance 
5 away from the membrane of the diaphragm 6. This predetermined distance is defined 
by the thickness of the damping frame 50. The damping frame 50 thus acts like a 
spacer, allowing movement of the membrane of the diaphragm 6. The backplate 10 is 
secured to the damping frame 50 with an adhesive. The damping frame 50 is also 
secured to the diaphragm 6 with an adhesive. 

10 FIG. 6 illustrates a top perspective view of the diaphragm 6, damping frame 50, 

and backplate 10 of the microphone 3. The positioning of the backplate 10 against the 
damping frame 50 defines two damping apertures 56. These damping apertures 56 
form pathways for air to "escape" from the area between the backplate 10 and the 
membrane of the diaphragm 6 into the air volume in the microphone 3 behind the 

is backplate 8. These pathways increase the inertance to the acoustical sound waves 
entering the sound inlet 16. 

The damping apertures 56 shown in FIG. 6 also allow for imperfect centering 
of the backplate 10. Thus, regardless of how the backplate 10 is positioned over the 
damping frame 50, the combined area of the damping apertures 56 remains the same. 

20 For example, if the backplate 10 covers one damping slit 52 more than the other, the 
mostly exposed damping slit 52 will define a larger damping aperture 56, whereas the 
mostly covered damping slit 52 will define a proportionally smaller damping aperture 
56. The combined area of the larger damping aperture 56 and the smaller damping 
aperture 56 equals the combined area of equally sized damping apertures 56. Thus, 

25 production of the microphone 3 can be greatly simplified without an undesirable 
variance in performance from one microphone to another. 

As explained in connection with FIGS. 1-3, in alternate embodiments, the 
damping aperture 56 may be defined solely by the backplate 10 or solely by the 
damping frame 50. For example, the backplate 10 may include an aperture through 

30 which air may travel from the surface of the membrane 23 to the area behind the 
backplate 10. The damping frame 50 may include a channel which defines a pathway 
from the surface of the membrane 23 to the area behind the backplate 10. 
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In an alternate embodiment, the thickness of the damping frame 50 may be 
decreased to achieve squeezed film damping. This squeezed film damping is in 
addition to the damping caused by the damping frame 50. In this embodiment, the 
thickness of the damping frame 50 is reduced to about 37.5 microns or smaller. As is 
known, the amount of damping is inversely proportional to the third power of the 
distance between the backplate 10 and the diaphragm 6. For some applications, this 
reduction in dampening effect may be acceptable. For other applications that require 
more dampening of the peak frequency response, the dimensions of the damping slits 
52 may be reduced. 

FIG. 7 illustrates two exemplary curves comparing the frequency response 
curves of a microphone that lacks a damping mechanism and a microphone such as 
shown in FIG. 2 or FIG. 5 that includes a damping mechanism. Curve 70 drawn 
according to a logarithmic audio-frequency scale represents an exemplary frequency 
response curve of a microphone that lacks a damping mechanism. Curve 72 represents 
an exemplary frequency response curve of a microphone such as the microphone 2 
shown in FIG. 2 or FIG. 5. Curve 72 illustrates that the frequency response of the 
microphone is reduced compared to that of curve 70 at a range of about 2kHz to about 
10kHz. 

FIGS. 8 and 9 illustrate respective circuit diagrams of an electrical 
representation of (1) an acoustical network 80 having a front-volume damping 
mechanism and (2) an acoustical network 113 having a rear-volume damping 
mechanism according to the present invention. The acoustical network 80 of FIG. 8 
illustrates the electrical equivalents of the acoustical elements of a microphone having a 
front-volume damping mechanism. M s i 80 and Rsi 82 represent the inertance and 
acoustical resistance of the sound inlet, respectively. Cfv 86 is the capacitance of the 
front volume of the microphone 80. The damping mechanism, which is located in the 
front volume, is represented as Mcfi ex 88 and Rcfiex 90 which correspond to the mass 
and resistance of the front-volume damping structure. C mv 92 is the capacitance of a 
middle volume created by the front-volume damping structure with c-flex material. 
Next, the compliance, resistance, and mass of the diaphragm are represented by Ca 94, 
Rd 96, and Ma 98, respectively. The compensation elements of the membrane of the 
diaphragm, such as the pressure vent, are represented as Rcomp 100 and L com p 102, 
respectively. The capacitances of the rear volume, Crv 104, the cartridge assembly 
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which includes the diaphragm and backplate, Cartridge 106, and the electronic circuit, 
Ccircuit 108, are indicated in their electrical equivalent form. The conversion 110 and 
inverseconversion 112 represents the transduction of sound energy into an electrical 
signal, and the conversion of an electrical signal into an acoustical signal, respectively. 
The effect of the inverse_conversion 112 is small compared to the effect of the 
conversion 110 due to the low electrical currents involved. 

Turning now to FIG. 9, there is shown an electrical representation of the 
acoustical network 113 of a microphone, such as the microphone 2 shown in FIGS. 1- 
3 or 4-6, having a damping mechanism in the rear volume. The circuit diagram of FIG. 
9 depicts the presence of a damping mechanism, such as the damping frame 8 or the 
damping frame 50 shown in FIGS. 1 and 4, respectively, in the rear volume of the 
microphone. The resistance and mass of the damping mechanism is represented in the 
circuit diagram as R^pacer 114 and M spa cer 116. 

FIGS. 10-12 illustrate portions of production sheets which are used to form a 
plurality of cartridges for use in a microphone. FIG. 10 shows a portion of a 
production sheet 120 containing a plurality of damping frames 122, like the damping 
frame 50 shown in FIG. 4. FIG. 11 also shows a portion of a production sheet 130 
containing a plurality of damping frames 132, like the damping frame 8 shown in FIG. 
1. Breakaway bridges 124, 134 are formed to secure the damping frames 122, 132 to 
the production sheet 120, 130, respectively. These breakaway bridges 124, 134 are 
broken after the damping frames 122, 132 have been stamped out of the production 
sheets 120, 130. In a specific embodiment, the production sheets 120, 130 include a 
matrix of 15 x 15 damping frames 122, 132 for a total of 225 damping frames 122, 
132. Each individual damping frame 122, 132, including the damping slits 52, 32, is 
formed using a laser, for example. The production sheets 120, 130 are made of 
Kapton, but in alternate embodiments, they may be made of any other suitable 
polyimide material, such as Teflon or plastic, for example. 

The production sheets 120, 130 also include a plurality of registration holes 
126, 136 disposed along an unused portion of the production sheets 120, 130. The 
registration holes 126, 136 are used during production to align one sheet over another, 
as explained in connection with FIGS. 13 and 14. In a specific embodiment, the 
centers of the registrations holes 126, 136 are spaced about 5.5 mm apart. The centers 
of each damping frame 122, 132 are spaced about 4.72 mm apart. The thickness of the 
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production sheets 120, 130 is about 125 microns (plus or minus 10 microns). These 
dimensions vary in alternate embodiments depending on the size of the microphone 
under production. 

FIG. 12 shows a portion of a production sheet 140 containing a plurality of 
diaphragms 142, like the diaphragm 6 shown in FIG. 1. Each diaphragm 142 is held 
onto the production sheet 140 by breakaway bridges 144, which, once broken, free the 
diaphragms 142 from the production sheet 140. The production sheet 140 also 
includes a plurality of registration holes 146 disposed along an unused portion of the 
production sheet 140. In a specific embodiment, the production sheet 140 is made of a 
copper/zinc alloy, and has a thickness of about 0.15 mm. One surface of the 
production sheet 140 includes a thin layer of tin, approximately two to five microns 
thick. On the opposing surface, mylar is evaporated with gold to form the membrane 
of each diaphragm 142. The mylar surface is positioned against a damping frame, as 
discussed next. 

The assembly of a cartridge for use in a microphone according to the present 
invention will be discussed with reference to FIGS. 13 and 14. A production sheet 150 
containing a plurality of damping frames 152 is clamped into a tool (not shown) along 
the registration holes 154 of the production sheet 150 (step 200). The tool (not 
shown) may include pins which are dimensioned to fit into one or more of the 
registration holes 154 of the production sheet 150. At step 202, the exposed surface 
of the production sheet 150 is sprayed with an adhesive. A production sheet 160 
containing a plurality of diaphragms 162 and registration holes 164 is positioned 
against the production sheet 150 to form a carrier sheet (step 204), such that a portion 
of the membrane surface of the diaphragms 162 contacts the exposed surfaces of the 
damping frames 152. The registration holes 164 of the production sheet 160 are 
aligned with the registration holes 154 of the production sheet 150, such as shown in 
FIG. 13. The optional pins of the tool (not shown) may be used to align the 
registration holes 154, 164. Note that the registration holes 154, 164 have varying 
dimensions along the surface of the production sheets 150, 160, respectively. The 
varied dimensions (i.e., circular and elliptical) ensure that the proper surfaces of the 
production sheets 150, 160 are positioned against one another. 

A force is applied to the carrier sheet at step 206 to ensure contact of the 
diaphragms 162 with the damping frames 152. At step 208, the carrier sheet is cured 
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in an oven, for example, until the adhesive spray sets. The duration and temperature 
are determined by the curing characteristics of the adhesive. 

At step 210, a machine or tool is employed to singulate each diaphragm 162 
and damping frame 152 disposed on the production sheets 160, 150, respectively, into 
individual subassemblies containing a diaphragm adhered to a damping frame. At step 
212, a backplate is positioned against each individual subassembly to form a cartridge. 
The production hole, such as the production hole 38 shown in FIG. 1, of the backplate 
may be used to position the backplate onto an individual subassembly. As mentioned 
previously, this production hole may be plugged with a drop of adhesive, such as the 
adhesive drop 44 shown in FIG. 2. 

In one embodiment, the production sheet 150 includes a plurality of damping 
frames 152 such as the damping frame 8 shown in FIG. 1. In this embodiment, each 
backplate is clamped into the damping frame of the individual subassembly and is held 
in place by the backplate clamping members 34. Adhesive may be optionally applied to 
form a secure bond between the backplate and damping frame. 

In another embodiment, the production sheet 150 includes a plurality of 
damping frames 152 such as the damping frame 50 shown in FIG. 4. In this 
embodiment, each backplate is secured to the damping frame of the individual 
subassembly by a layer or drops of adhesive disposed between the backplate and the 
damping frame of the individual subassembly. As mentioned previously, it is not 
necessary for the backplate to be centered precisely over the damping frame to achieve 
the desired dampening of the frequency response curve. 

At step 214, the cartridge is placed into a microphone housing 4. If the 
microphone housing 4 includes embossments 14, the cartridge may be secured to the 
embossments 14 by an adhesive. Alternatively, if the damping frame includes 
registration members 24, the registration members 24 may secure the cartridge in 
tension against the walls of the microphone housing 4 to create a tight fit. 

As noted in connection with FIG. 1, the diaphragm 6 includes a shaped opening 
that may take any shape. In the illustrated embodiments, the shaped opening has a 
generally circular shape. It is understood that a diaphragm according to any 
embodiment of the present invention may include any opening having an appropriate 
shape, such as generally square or generally polygonal. The shape of the opening may 
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depend upon the particular geometry of the damping frame disposed above the 
diaphragm. 

While the present invention has been described with reference to one or more 
particular embodiments, those skilled in the art will recognize that many changes may 
be made thereto without departing from the spirit and scope of the present invention. 
Each of these embodiments and obvious variations thereof is contemplated as falling 
within the spirit and scope of the claimed invention, which is set forth in the following 
claims. 
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